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[57] ABSTRACT

‘The invention relates to a process for the preparation of
a binary initial solvent zone for the crystallization in
monocrystal form of a ternary or quaternary compound
of given composition and containing Cd and Hg. It
consists of choosing on the phase equilibrium diagram
of the compound, the Cd and Hg concentration and the
temperature which crystallization is to take place.
When raised to this temperature, the initial solvent zone
1s able to dissolve the compound until a solvent zone in
thermodynamic equilibrium therewith is obtained and
on the basis of which it is possible to bring about crystal-
lization. The composition of the initial solvent zone and

the temperature at which it is to be prepared are deter-
mined on the diagram.

6 Claims, 3 Drawing Figures
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PROCESS FOR PRODUCING A MONOCRYSTAL
OF A COMPOUND BY CRYSTALLIZING A
POLYCRYSTAL OF SAID COMPOUND BY

TRANSFERRING A SOLVENT ZONE

BACKGROUND OF THE INVENTION

The present invention relates to a process for the

preparation of a solvent zone for use in the production
of ternary or quaternary semiconductor compounds by
the so-called “solvent zone transfer method”.

This process is suitable for producing ternary com-
pounds of formula CdxHgos.xTeos and quaternary
compounds of formula CdxHgo.s.xTeySeq 5.y, whereby

in said formulas 0<<x<0.5 and 0<y<0.5. These com-

pounds have a forbidden band width varying continu-
ously with the atomic fractions x and y, which makes it
possible to produce mfrared photo detectors operating
at any wavelength exceeding 0.8 um.

From the general standpoint, the solvent zone trans-
fer method makes it possible to produce monocrystal-
line semiconductor compounds at a temperature below
their melting point, which makes it possible to obtain
very pure compounds, which have a better crystalline
quality than those obtained using other monocrystal
production processes. In the particular case of semicon-
ductor compounds of formula CdHgo s.xTeg.s or for-
mula CdxHgo s.xTepSeq.s.y, said method makes it possi-
ble to overcome the difficulties associated with the
presence of mercury vapor having a high pressure at the
melting point of said compounds.

The basic principle of the so-called solvent zone
transfer method applied to semiconductor compounds
of type II-VI has been clearly described in the article
by G. A. WOLFF et al, which appeared in the Transac-
tions of the Metallurgical Society of AIME, vol. 242,
March 1968, pp 436-441.

With reference to FIG. 1, said method consists of
introducing a polycrystalline semiconductor compound
ingot, called the source ingot 2 into a cylindrical silica
boat 4 in the verticle position, where it is traversed by a
molten solvent zone 6, positioned beforehand at the end
of the boat. A furnace 8 makes it possible to heat the
boat and its content in the portion facing the furnace.
The longitudinal displacement of the boat, in accor-
dance with arrow 10, enables the solvent zone 6 to
dissolve the ingot 2 and to crystallize behind it a mono-
crystalline ingot 12. The dissolving interface carries
reference 13 and the recrystallization interface refer-
ence 14.

The dissolving of the source ingot 2 by the solvent
zone 6 leads to a modification of the initial composition
of the solvent zone. The growth process of ingot 12 is
established when the solvent zone 6, which is liquid, is
in thermodynamic equilibrium with the source ingot 2
and the monocrystallized ingot 12.

In the aforementioned article, the method is applied
to the growth of monocrystals of ternary semiconduc-
tor compounds of type II-V1. The initial solvent zone,
ie the solvent zone existing before any transfer of said
zone along the semiconductor ingot is made from pure
tellurium. |

In the same way, in the article by R. TRIBOULET,
which appeared in the Revue de Physique Appliquée,
Vol. 12, pp 123-128, February 1977 a description is
given of the preparation of crystals containing Cd, Hg,
Te from juxtaposed CdTe and HgTe bars constituting
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2

the source or supply materials of an initial tellurium
solvent zone.

The choice of an initial solvent zone made from pure
tellurtum imposes the temperature of the final solvent
zone from which it is possible to obtain the crystalliza-
tion in the form of a monocrystal of the supply com-
pound of said zone, in view of the fact that the liquid
solvent zone and the solid compound must be in ther-
modynamic equilibrium.

In order to make it possible to choose the temperature
at which the monocrystal could form, it has been pro-
posed to use as the initial solvent zone, a solvent zone
having the final composition of said zone, ie when the
latter 1s in thermodynamic equilibrium with the supply
compound and the crystallized compound. |

French Pat. No. 8 105 387 of 18.3.1981 describes such
a solvent zone. This patent, which refers to obtaining
semiconductor compounds containing Cd, Hg and Te,

uses as the mitial solvent zone a mixture of CdTe, HgTe
and Te, which is rich in tellurium, said solvent zone

being supplied by CdTe and HgTe bars. The prepara-
tion of a tellurium-rich, ternary, initial liquid zone con-
taining Cd, Hg and Te in thermodynamic equilibrium
with the corresponding solid compound, involves pre-
paring the solvent zone at the highest possible thermq-
dynamic equilibrium temperature and guarding against
mercury leaks linked with the high vapour pressure of

said constituent. _
Moreover, in the case where the cadmium is intro-

duced in the form of a CdTe compound, the preparation
of the solvent zone takes several hours, bearing in mind
the slow dissolving kinetics of said compound in the
HgTe+Te liquid.

Thus, in the various prior art processes, significant
problems occur in connection with the preparation in
the form of monocrystals of ternary or quaternary com-
pounds, particularly of formulas CdxHgo.s-xTe, and
CdxHgos.xTepSeps.y, when using the solvent zone
transfer method.

Thus, to obtain monocrystals of pure semiconductor
compounds with a high crystalline quality, it is neces- -
sary to produce the initial solvent zone at as moderate a
temperature as possible, said zone at the best being able
to reach the thermodynamic equilibrium with the solid
takmg the place of the supply compound of said zone.

SUMMARY OF THE INVENTION

The problem of the present invention is to provide a
process for the preparation of an initial solvent zone
making it possible to obviate the aforementioned prior
art disadvantages, whilst being just as simple to perform
as the prior art processes.

More specifically the present invention relates to a
process for the preparation of a binary initial solvent
zone permitting crystallization in the form of a mono-
crystal of a polycrystalline ternary or quaternary com-

pound having a given composition and containing cad-

mium and mercury, wherein, on the phase equilibrium
diagram of the compound, a choice is made of the cad-
mium and mercury concentration of said compound, as
well as the termperature at which said crystallization is

to take place, the initial solvent zone raised to said tem-

perature being able to dissolve the ternary or quater-
nary compound until a respectively ternary or quater-
nary zone is obtained in thermodynamic equilibrium
with said compound, from which said crystallization
has taken place and wherein, on said diagram, on the
basis of said concentration and said temperature, the
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composition of the initial binary solvent zone and the
temperature at which said initial binary solvent zone is

to be prepared are determined.
This process makes it possible to choose the operating

~ temperature at which crystallization in the form of 3

monocrystals of a ternary or quaternary compound is to
take place and it makes it possible to prepare the initial
solvent zone at the minimum possible temperature.

This preparation process is advantageously applied to
the crystallization of ternary compounds of formula
CdxHgo.s-xTeg.s and quaternary compournds of formula

Cd Hgo s.xTeySep 5.y, formulas in which x and y are
numbers between 0 and 0.3.

In this special case, the initial solvent zone is preferan
bly a tellurium-rich zone containing tellurium and mer-
cury. This solvent zone can be obtained by melting and
dissolving Te and HgTe in appropriate quantities.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is described in greater detail hereinaf-
ter relative to non-limitative embodiments and the at-
tached drawings, wherein show:

FIG. 1, already described, the crystallization process
in monocrystalline form of a compound by solvent zone
transfer.

FI1G. 2, the phase equilibrium diagram of ternary
compounds of formula CdxHgos5.xTeos the abscissa
values relating to the cadmium concentration of said
compounds and the ordinate values to the mercury
concentration.

FIG. 3, a graph giving the mercury vapour pressure
- Phg in atmosphere as a function of the temperature T
expressed in degrees K—1 above the binary or ternary
liquid zones.

DETAILED DESCRIPTION OF THE
INVENTION

In the processes for producing ternary or quaternary
semiconductor compounds in the form of monocrystals
using the solvent zone transfer method, the monocrystal
growth procedure is established when the solvent zone
is in thermodynamic equilibrium with the source com-
pound and the monocrystalline compound formed. The
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solvent zone is then a ternary or quaternary liquid of 45

Cd, Hg and Te or Cd, Hg, Te and Se, depending on
whether the compound is a ternary or quaternary com-
pound of these same constituents.

For simplification purposes, the following descrip-
tion refers to the formation of monocrystals of
CdxHgo. s.xTep.s with 0<x<0.5. Obviously the process
according to the invention is applicable to any composi-
tion of ternmary or quaternary compounds of types
CdxHgo.s.xTep.s or CdngO.S-xTeyseO.S-y-

FIG. 2 i1s the phase equilibrium diagram of com-
pounds of formula. CdxHgo s.xTeo 5. The abscissa values
give the cadmium concentration and the ordinate values
the mercury concentration of said compounds. The
zero origin of the axes represents pure tellurium. On this
diagram are plotted the locations of points where each
liquid is in thermodynamic equilibrium with its solid at
a given temperature, ie the liquid isotherms 650° C.,
610° C. ... 540° C.

The process according to the invention consists, in
the case of a ternary compound of given composition
which is to be crystallized in monocrystalline form, of
determining the point S representing said compound,
said point S having as the abscissa the cadmium concen-
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tration of said compound. The compound in question
has in this case the formula Cdo j1Hgo.39Teq s.
This is followed by the plotting of the curve BB’

which represents, at different temperatures, the location

of the compositions of the solvent in thermodynamic
equilibrium with the compound represented by point S.

This is followed by the choice of the temperature T4
at which crystallization of the compound in the solvent

zone is to take place, e.g. 650° C. This temperature
curve intersects curve BB’ at a point A, which repre-
sents the final composition of the solvent zone. In this

case, the final composition corresponds to formula
Cdo.o3Hgo.3sTep.62. On the basis of this composition,
crystallization takes place of compound
Cdo.11Hgo.39Teq.s, as described hereinbefore with refer-
ence to FIG. 1.

Finally, the line passing through point A and point S
is plotted and constitutes the location of the composi-
tions of the liquid zone dissolving the compound repre-
sented by point S on raising the temperature of said
zone from temperature Te to temperature T4. This line
intersects the axis of the ordinates of the diagram at
point C. The latter gives the composition of the initial

_ binary solvent zone, as well as the temperature T¢ at

which said solvent zone is to be prepared. This tempera-
ture Tc1s below the chosen operating temperature T 4.

In the considered embodiment, the initial solvent
zone, which 1s a tellurium-rich solvent zone, has the
composition Hgo 33Teq.s7 and this composition must be
realized at a temperature of 580° C.

For the same compound S, e.g. of formula
Cdo.11Hgo.39Teo.s, 1t 1s possible to choose a temperature
other than T4 for carrying out the crystallization of
compound S, e.g. a temperature T4 lower than T 4. The
curve of temperature T 4, in this case 610° C., intersects
curve BB’ at A'. As hereinbefore, the configuration of
line A'S constituting the location of the compositions of
the liquid zone dissolving the compound represented by
point S on raising the temperature of said zone to tem-
perature T4/, makes 1t possible to determine the compo-
sition of the binary initial solvent zone as well as the
temperature at which the latter has to be prepared. At
point C’, which 1s the intersection between line A'S and
the ordinate axis of the diagram, the composmon of the
binary initial solvent zone s approxlmately
Hgo.24Tep.76 and the temperature at which the latter is
to be prepared is 510° C. This temperature T¢ 1s lower
than the chosen operating temperature T4 of the ther-
modynamic system. Thus, the process permits a crystal-
lization temperature choice.

Following the determination of the composition of
the initial solvent zone, the latter can be realized in the
case of ternary compounds of formula CdiHgo s.xTeo.s
by melting and dissolving Te and HgTe, e.g. in appro-
priate quantities. The same applies regarding quater-
nary compounds of formula Cd Hgg s.xTepSep.s.,. The
melting of the initial solvent zone can be carried out
rapidly with the aid of a simple heating means.

As the preparation temperature of the binary initial
solvent zone is relatively moderate, e.g. 580° C., when it
is wished to obtain a crystallization of the compound at
temperature T4 at 650° C,, or 510° C. when it is wished
to carry out the crystallization of the compound at a
temperature T 4 of 610° C., it is possible to avoid above
the liquid, 1.e. the initial solvent zone during the prepa-
ration thereof, the establishment of a high mercury

- vapour pressure, which makes it possible to obtain the
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initial solvent zone under a weak neutral or reducing
gas pressure, €.g. at atmospheric pressure.

FIG. 3 shows a graph giving the mercury vapour
pressure as a function of the temperature, above liquid
solvent zones.

Curve D represents the mercury vapour pressure in
equilibrium with the solvent zone having the composi-
tion defined by BB’ of FIG. 2 at the melting tempera-
ture of said zone (temperature T 4 for point A, tempera-
ture T4 for point A’) and curve E the mercury vapour
pressure in equilibrium with the initial solvent zone
having the composition defined by the ordinate of the
diagram of FIG. 2 at the melting pressure of said zone
(temperature T¢ for point C, temperature T¢ for point
C’), only the temperatures and pressures of points A and
C bemng shown in FIG. 3.

It can be seen that, on the basis of these curves, the
mercury vapour pressure is not very high, when the
initial solvent zone is formed in accordance with the
invention. Thus, said vapour pressure is only 1.4 atmo-
spheres at temperature T¢(580° C.) for an initial solvent
zone having the composition C (curve E), but it is 4
atmospheres at temperature T4 (650° C.) for an initial
solvent zone having the composition A (curve D), like
that used in the prior art process.

In an embodiment of the invention, crystallization in
the form of a monocrystal took place of a compound of
formula Cdg.11Hgo.30Teg 5 obtained in known manner,
like that described in the aforementioned prior art using
an instial solvent zone of composition Hgg 33Teg.¢7, said
composition being represented by point C in FIG. 2.
This initial solvent zone was prepared by melting and
dissolving respectively 10 g of pure tellurium and 25 g
of HgTe at 580° C., determined on the basis of the dia-
gram of FIG. 2 and under a pressure of 1 atmosphere of

hydrogen (1.013X10° Pascals). Mercury pressure in = -

equilibrium with said initial solvent zone is close to 1 -

atmosphere, as shown at point C in FIG. 3. The temper- 40" )

ature of this initial solvent zone is then raised to 650° C.,
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during which it partly dissolves the source solid, zone

15 of FIG. 1, in order to reach the thermodynamic
equilibrium composition, point A in FIG. 2. It is then
able to crystallize a monocrystal (12, FIG. 1) of the
compound referred to suitable for producing infrared
photo detectors.

What is claimed is:

1. A process for producing a monocrystal of a ternary
semiconductor with the formula Cd;Hgo.s.xTeg.s with
0<x<0.5, having a composition S in cadmium, mer-
cury and tellurium, by recrystallizing a feed polycrystal
of said formula at a temperature T no more than 650°
C. from a ternary liquid zone in thermodynamic equilib-
rium with said polycrystal, said process comprising the
steps of:

(1) providing said polycrystal;

(11) selecting temperature T at which said recrystalli-

zation will occur:

45
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(1v) constructing a line from S through the intercept
of the isotherm for T; and said curve (BB'), said
line intercepting the HgTe axis of said phase dia-
gram,; | :

(v) establishing an initial binary solvent having the
composition of Hg and Te determined by the inter-
cept of step (iv);

(vi) heating said initial binary solvent to said tempera-
ture T';

(vii) dissolving said polycrystal in said heated initial
binary solvent until said ternary liquid zone is ob-
tained; and |

(vitt) displacing said ternary liquid zone at T along
said polycrystal in order to transform said poly-
crystal into said monocrystal. |

2. The process according to claim 1, wherein said
ternary compound has the formula Cd,Hggp s.xTeps in
which x is a number between 0 and 0.5 and wherein said
inittal binary solvent zone is a tellurium-rich zone con-
taining tellurium and mercury.

3. The process according to claim 1, wherein said
Initial binary solvent zone is formed by melting and
dissolving Te and HgTe.

4. A process for producing a monocrystal of a quater-
nary semiconductor with the formula Cd.Hgps-
xTeySep 5.y, wherein X and Y are numbers between 0
and 0.5, having a composition S in cadmium, mercury,
tellurium and selenium by recrystallizing a feed poly-
crystal of said formula at a temperature T no more than
650° C., from a quaternary liquid zone in thermody-
namic equilibrium with said polycrystal, said process
comprising the steps of:

(1) providing said polycrystal;

(i1) selecting temperature T at which said recrystalli-

zation will occur;

-(111) plotting said composition S on a phase diagram of
the HgCdTe system plotted for the pseudobinary
axes HgTe and CdTe, said phase diagram contain-
ing a plurality of isotherms including the isotherm
for T, and an isochrome curve (BB’) representing
the different compositions of the solvent zones in
thermodynamic equilibrium with said polycrystal;

(iv) constructing a line from S through the intercept
of the isotherm for T; and said curve (BB’), said
line mtercepting the HgTe axis of said phase dia-
gram; |

(v) establishing an initial binary solvent having the
composition of Hg and Te determined by the inter-
cept of step (iv);

(vi) heating said initial binary solvent to said tempera-
ture Ty;

(vii) dissolving said polycrystal in said heated initial
binary solvent until said quaternary liquid zone is
obtained; and

(viil) displacing said quaternary liquid zone at T;
along said polycrystal in order to transform said
polycrystal into said monocrystal. |

S. The process according to claim 4, wherein said

quaternary compound has the formula Cd.Hgg.s.

(m1) plotting said composition S on a phase diagram of 60 xTe,Seg s.,in which x and y are numbers between 0 and

the HgCdTe system plotted for the pseudobinary
axes HgTe and CdTe, said phase diagram contain-

ing a plurality of isotherms including the isotherm .

for Ty, and an isochrome curve (BB’) representing

0.5 and wherein said initial binary solvent zone is a
tellurium rich zone containing tellurium and mercury.

6. The process according to claim 4, wherein said
initial binary solvent zone is formed by melting and

the different compositions of the solvent zones in 65 dissolving Te and HgTe.

thermodynamic equilibrium with said polycrystal;

» x * *»
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